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A B S T R A C T
Asymmetric supercapacitors (ASCs) are routinely fabricated using battery-type electrode materials as a positive
electrode and electrochemical double layer materials as a negative electrode; the mass-loading in the electrodes
is determined by assuming both to be capacitive charge storage materials. This protocol is erroneous as the cyclic
voltammograms and galvanostatic charge-discharge curves of the resulting devices showed dissimilarity in the
stored charges of the two electrodes and battery-type behaviors, respectively. Herein, we show by employing two
choices of battery-type electrodes as positive electrodes and commercial activated carbon as negative electrode
in 3 M LiOH electrolyte that equal mass loading in both electrodes leads to supercapacitive charge storage. The
positive electrode to negative electrode mass ratio is varied from 0.75 to 1.5 in a mass interval of 0.25 which
includes a mass ratio of the conventional method. The electrochemical studies of the fabricated ASCs show that
the charge storage capabilities depend on the electrode mass. Electrochemical impedance spectroscopy studies
show that the equal mass ratio has low series and charge transfer resistances and wider frequency dispersion of
capacitance.
1. Introduction
Electrical charge (energy) storage devices, such as batteries and su-
percapacitors, have been a topic of the intense investigation recently
because of the widespread use of portable electronic devices and emer-
gence of electric vehicles. One of the critical issues faced by the electric
vehicle industry is the weight of the lithium ion batteries (LIBs) em-
ployed in them; the speciﬁc power of the LIBs are rather low
(0.5–1 kW kg−1) despite their high speciﬁc energy (150–200 Wh kg−1),
therefore, huge battery stack is required to achieve a required power
capability. Besides, their cycle life (< 103 cycles) and coulombic eﬃ-
ciency (< 50%) are rather low. Supercapacitors, on the other hand, oﬀer
much impressive speciﬁc power (2–10 kW kg−1) and cycle life
(~105 cycles) with high coulombic eﬃciency (>95%) but their speciﬁc
energy is rather low (~5 Wh kg−1). Towards this end, asymmetric su-
percapacitors (ASCs), which utilizes a battery-type electrode such as
Co3O4 [1,2], CuO [3,4], NiO [5,6], MCo2O4 (M=Mg, Mn, Cu, Ni)
[7–10] or pseudocapacitor electrode such as RuO2 [11,12] and MnO2
[13,14] as the positive electrode and a supercapacitor electrode as the
negative electrode, could be a potential remedy to increase the charge
storage capabilities of supercapacitors similar to batteries while main-
taining their high power capabilities.
The asymmetry of ASCs arise from two sources: (i) the charge sto-
rage processes are diﬀerent in the two electrodes and (ii) diﬀerent
amounts of charges are stored in the negative and the positive electrode
[15]. The charge storage in the battery-type electrode is through deep
intercalation [16,17] and would store an order of magnitude more
charge than a supercapacitor electrode; whereas, in the latter, the
charge storage is through reversible ion adsorption at an electrode –
electrolyte interface [18]. If the intercalation in the battery-type is
limited to few monolayers, they are termed pseudocapacitors; their
storage capability lies between that of batteries and supercapacitors.
One of the crucial issues of the fabrication of an asymmetric su-
percapacitor is the mass-loading on the electrodes such that both
electrodes store an equal amount of charges [15]. Currently adopted
procedure for the electrode mass calculation assumes an ASC as
equivalent to a series combination of two capacitors (electrodes).
Theoretically, the reciprocal of the eﬀective capacitance of ASCs is
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